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Heights of rivers above zeros of gauges—Continued.

Heights of rivers above zeros of gauges—Continued.

g3 g 8, Lo 2% P % hod
8 .| F & | Highest water. | Lowest water. g (zs 8. =] :,“ Highest water. | Lowest water. 8|3 g
Statlons, FE g ia E 5 E’ Stations. g8 8 g8 E = H
wEE| Ba S |on Bgg| g9 N 3 |lo
3 a° Height,| Date. [Height.| Date. s | = A so Helght.| Date. |Height. Date. s | =
Mississip iRwer—Cont‘d Miles. | Feel.| Feel. Feel. Feel.| Feet. Clinch River. Miles.| Feet.| Feetl. Feet, Feel.| Feet,
Chester, Ill... eeeseeas| 1,189 1.8 1(—1.9 24,25 —0.4 8.7 | Speers Ferry, Va........ J 156 220 1.5 KB|—0.7 1| 0.1 2.3
Cairo, ul...... .1 1,078 40 19.3 8 6.9 7(10.7} 12.4|Clinton, Tenn ........c... 46 7.0 2.0 1,2( 8.9 5.0
Memphis, Tenn - . 843 83 12.2 31 5.2 1| 5.5 9.0 Wabash River.
Helena, ArK ........ 67| 44| 16.4 81 3.3 1| 6.7| 13.1| Mount Carmel, Ill ..... g s 18 7.4 20,21 2.2 1| 41| 5.8
Arkansas Clﬁ Ark 635 4?2 4.6 81 1.5 1} 55| 18.1 Red River.
Greenville, Miss .. 595 40 11.1 81 1.3 1] 4.3 9.8 | Arthur City, ToX. e ea- xN 3.8 20 2.1 1-3,14-18 | 2.5 1.5
Vicksburg, Miss ... 474 41 7.9 81(—0.8 2 8.7 8.7 | Fulton, Ark..... 565 28 4.6 31 1.0 1-10| 2.1 3.6
New Orleans, La 108 16 4.1 13 2.3 56| 3.1 1.8 | Shreveport, La. | 449 29 1.8 81| —21 5-10 |—1.1 8.9
wi lﬂ{kaﬁ'mmm ! 10| 17 10| 0.8|l1zen s 11| g.ofAlCXeRdrE L& 180 B8 0.8 il LBl LT 0t
chita, Kans.. . -8 |1-12,29, . 3
Fort Smith, Ark 35| 2| 2.5 18] 0.6 1.4| 1.9, dAtchafslaya Bayou.
Dardanelle. Ark 250 21 2.6 19 | — 0.6 1, 5_12 0.6 3.9 Melﬂ(}b%};lia" -}‘ii.ﬂ-c;' ...... 100* 81 14.4 a 2.8 1 9.2 12.1
Little R(I)::}'l%irvl:r 170 8 4.9 22 1.2 10| 2.5 3.7 Camden, ArK.cuueesveees 840 30 15.0 24 8.5 13| 6.6/ 115
» i 3 .
Newport, ATk o.o ... 10| 6| 47 U 04 18] 2.0 4.3 Monros La. k';';;,': el 100 40y 16.8 8% o5 12 6.3 16.1
¢z Bloings River. Yazoo Clty, Miss.........| 80 25| 115 7| —21 13| 59| 13.6
Des Moines, Towa t...... 150 19 [eeeeennr]anenseanas [ P TN PPN PR Chattahooches River.
Peorie ’::" o] 135 42| o0.4|Columbns, Ga . Mo| s0| 26 | 18] =] 18 13
880U ver,
ll;:smnr%k DNkD:k' Ceense }’% 8.5 1.9 Mbﬂggﬁce;;&; ) 80 2 3.2 1.1 1 2.1 2.1
erre, 8. Dak. + ..oeioo| 1,008 | 14 |eeeeiiii]ricecnianifrensennifensinaners|orsianirenens .
Sioux City, Iowat .| 'er6 JRPPS FPP P ..o’ | Payetteville, N.C........ 100 38 10.0 -] 3.0 147 5.1 7.0
Omaha, Nebr.+. . 561 e reene|ereens Columbia River.
St. Joseph, l!o 873 10 0.7 24-26 | — 2.7 6-8 —0.9 8.4 { Umatilla, Oreg ... 270 25 5.8 12-14 4.0 ,25{ 5.0 1.8
Kansas City, 280 | 21| 82 0| 2.0 7.8 8.5| 3.2|The Dalles,Oreg.. . 86| e| 100 4| b9 26| 7.9 41
Boonville, 191 20 4.5 1 0.9 2 2.6 3.6 Willamette Riv
Hermann, 'Mo 95 M| —0.7 1|—8.6 —32.3 2.9 | Albany, Oreg....... 99 20 17.6 16 6.0 4,% | 10.4 | 11.5
Oh er. Portland, Ore, 10 15 15.1 14,15 6.0 238, 10.2 9.1
Pittsburg, Pa.....-...... 966 -] 18.7 17 3.4 3t 7.2 10.3 Edisto ivar.
Davis Is a.nd Dam, Pa... 280 B 18.7 17 5.5 5,81 8.5 8.2 | EQist0,8.C .cveveeranias ™ (] 3.8 a1 2.8 16| 2.8 1.5
Wheeling, W. Va. . 875 36 18.9 17 6.2 6| 10.6 | 12.7 James Rwer.
Parkersburg.w Va..... 85 35 18.0 19 7.7 29,30 | 11.6 | 10.3 ) Lynchburg.Va. .... . 27 18 1.7 18| — 0.1 1,2( 0.7 1.8
Point Pleasant.w Va...| 708 a6 19.1 2 6.6 81| 12.3 | 12.5| Richmon Va s ssass 110 12 1.5 16 | — 0.1 24| 0.3 1.6
Catlettsburg, Y ...... 651 50 2.8 23 9.0 81150 13.8 Aladama River.
Portsmouth, Ohio .. 612 50 23.2 23 10.2 31 (16.7 | 13.0 [ Montgomery, Ala........ 85 [ 85 5.3 25| — 0.7 2| 22| 6.0
Cinoinnati, Oblo.. 409 | 45 25.5 2( 12.0 1]17.8| 13.5| Selma, Ala........... eed| 212 85 6.0 2 (—1.86 1| 23| 7.6
Lonlsvllle.K e 367 P 10.1 28 6.0 1| 8.0 4.1 Coosa vcr.
‘];".;:‘lmsvll}l?i n 12,4‘. % }gg g’,ﬂ zg 64 lgg };é Gadsden, Alad........... 144 18 6.3 A | ~0.2 1| 2.2 8.5
ues, SF. - - . . . Tombigbee River.
War‘:gf”{":” River | wm| 7| 84 18] 1.2 e7| 4.2 °°1“mb“5i-gm“----- ----- 285 8| 115 B —36 8.0 15.1
oil City, Pa o1 18| 7o 6| =22 45| 85| 4.8 D‘j,“,’&?%,ﬁ}:; Bivert| 18| B 4 ;| —21 1,2 | 1.4 5
Parkers Landing, Pa.. 78 20 8.0 18 1.7 81| 8.7 6.8 Tascaloosa, Ala. % 8 31.0 o3l —1.3 1| 88| 823
Free Ps.’.l.ﬁi....... 26 2| 13.1 16 3.8 31| 6.9| 9.3 TUSCR O e . .
onemau, ver.
Johnstown, Pa.o. ool 041 7| 89 16| 17| 2520| 25| 2.3|Chera®,8.Cooooeeree. M5) 27| 45, WA 11 14| 24 84
ank Creek.
Brookille,Pa........... %| 8| 25 12| 10242031 | 1.7 1p|Kingsiree.8.C.. 60 12( 5.3 31| 24 6-10| 3.4 2.9
eaver River.
Etiwood Juntion. Pa...| 10| 14| 3.6 16| o1 70| 11| sp| FalrblplL RO o} 6 17 ul os 1107 18
'umberla: ver. .
Burnside, K¥ «ce-sseee. 50| 11.8 0.2 12| 27| 1.e|Efingbam.8 ... ...... B| 1B &7 |/ 83 1 40 2.4
Carthage, Tenn. WB7 80 12.8 A 0.8 2| 4.8 12.0 Ha s Fo W.Va. 170 16 5.8 16 1.8 4] 25 4.0
Nashville, Tenn . 175 | 40| 16.4 24 1.3 1| 6.6| 15,1 | Harpers rerry, . - . - 4
Great Kanawha Rim. Roanoke River.
Charlesztvon.l\x Va..... 61 30 8.0 o] 8.7 20,30 6.3| 4.3 c]ax‘-sl'xsvﬂ]e. vt:i!'i ........ ws| 12 0.4 -] 0.1 3-21,27-81/ 0.1 0.3
ew River. acramen
inbon W VBiceerseenns % 14 3.0 1.2 14| 1.8 1.8 | Redbluff, Cal ....... 641 23 7.2 8 0.4 1,2 2.3 6.8
'g R‘Wf s:;cramento Cal... «.uee 70 B 14.9 13 9.7 6,7 | 11.7 5.2
Falmouth Bis 30 -] 6.5 21 1.8 13,14 | 2.9 4.7 antee River.
8t. Stephens. 8.C...... o 50 12 6.1 3 1.4 17| 8.2 4.7
Dayton, Ohlo aeseenan 69 18 8.4 18 1.1 W| 1.9 2.8 Congaree River.
Monongaheia River. columblu. 8.Covvenennee 87 15 2.2 -] 1.2 81| 1.6 1.0
Weston, W. V& ..o 161 18 9.6 5 —1.0 10,11 | 1.2 ! 10.6 Wateree River.
Fairmont, W. Va «vceeaes| 119 25 10.5 [ 1.1 8,4| 8.7( 9.4]|Camden,8.C ....cce00n. S A 6.0 28 8.0 13| 41| 8.0
Greensboro, Pa....... .. 81 18 17.0 5 7.7 18,4,13,14 | 9.8 9. Savannah Rl“f
Lock No.4, P8...c.......| 40| 28| 20.6 [ 7.2 4)10.6 | 13.4| Augusta, G& secersercenss 180 | 382 7.9 1 5.9 18| 69! 20
nowlegtmg . | M| 90 5 25 23| 41| 65| Susquehanng River. : 2-6,11-
Youghiogheny Ri m . g " . "% | wilkesbarre, Pa........., 18| 14| 9.0| 17,18 8.0 {m b/ 31} 45| 6.0
Confluence,Pa........ ..| 5| 10| 8.8 51 18 3| 83| 8.8|Harrisburg,Pa...... | w| 17| 82 18| 25| & 8| 46| &7
West Newton, Pleereense 15 B 8.5 6 0.8 4| 2.4 5.7 Juniate chr
Muskingum River. Huntingdon, Pa . . 80 24 6.0 15 3.5 4| 40 25
Zanesville,Oh10......... 70 20 9.6 17 6.8 4,10,11 ( 7.8 2.8| W, Br. of Sus anngd.
Tennessee River. Wllllamsport Boernresns 35 20 (&4 17 2.0 80| 43 &7
Knoxville, Tenn.........| 614 20 3.5 8,4 0.5 28| 1.7 3.0 Waccamaw le.
Kingston, Tenn ...... . 584 25 5.0 2 0.0 1-8| 1.8 5.0 | Conway, S.C ...... vaeens 40 7 2.2 3 0.4 | 12,13,18 | 1.0 1.8
Chattanooga, Tenn...... 430 33 10.2 28 1.8 } gg gg
g{‘lgesggg Alu.?.::".::: .- % % g'?’ % —_ 322 1,2 2.9 89 *Distance to Gulf of Mexico. t Frozen. *Frozen,21-81. ®Frozen, 28-81.
J ohnsonvllle, Tenn...... 94 P4 13.3 25,20 0.0 1,2! 521 13.8 ¢ Frozen, 5,6,20-25. ¢ No observatjons, 17, 18.

——————————E

SPECIAL, CONTRIBUTIONS.

A PRELIMINARY DISCUSSION OF CERTAIN CYOLICATL
CHANGES IN INDIA.

By W. L. Davrras, Simla, India (dated December 8, 1897). ]

In the Indian Meteorological Memoirs, Vol. VI, it was
shown by the author, and in a later volume of the same mem-
oirs, by Mr. E. Douglas Archibald, that the effect on the
course of barometric pressure of the periodic changes in the
number of solar spots is to occasion a real variation in pres-

sure of sufficient magnitude to enter into the discussion of
the secular variations of weather. Having reached this con-
clusion, and it being evident both from present watching as
well as from past records of weather, that the sun-spot influ-
ence alone was insufficient to account for the weather varia-
tions which are on record, it appeared to the writer desirahle
to carry the investigation a step further, and by eliminating
the solar-spot influence to see whether there would then ap-
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pear in the pressure curve other secular changes which would
still further explain the recorded variations in the amount of

Tasre II.—Annual variations arranged in 11-year series—Continued.
MADRAS--Continued.

rainfall, etc., in India.

The only places in India for which long series of pres- g P . g g .|
sure observations exist are the presidency towns of Bombay, g g g g g g | 84
Madras, and Calcutta. The annual mean pressure observa-| . | & s | 21| 2]y 3 || 8|5 2]¢8"
tions for these three centers are given below, together with| 3 | & | & | & A I B I I O B
each year’s variation from the average of the whole:

Inch, Inch. Inch, Inch. Inch. Inch. | Inch.
TasLe 1.—Annual mean barometric pressure and variations from normal. }gg —--& ;% +.% ;g(l) —.3379 1881 |4-.008 138.? —'(o)(l)g ....... ceeres -
1850 (—.008 | 1881 [—.014 | 1872 [—.017 .
Madras. Bombay. Calcutta. 1851 |—.008 | 1862 |—,014 | 1878 [—.004
Year. -
Pressure. | Variation.| Pressure. | Variation.| Pressure. | Variation. C.
....... 005
In&mm —.018 i-008
i 008 0
-8 —.005 :t:om
= o o
.86 o18 | 29.800 — -
.884 —.009 797 +-08 i%
-885 008 *805 . 058 —.010
| o ‘e -0 017 +.008
:ﬁ _:004 :ﬁ :ow
-848 2005 Bl tloos |00 ¥ BOMBAY
844 ~001 804 —.008 2381 .
80 00 ‘e +.oe e Ly —.007 | 1868 |—.020 | 1874 |—.002 | 1885 [+.014
.82 009 808 [ —.004 770 . 002 | 1864 1020 | 1675 |--.004 | 1886 |.-.008
80 007 iH 00 8 . 018 | 1800 1010 | 1677 1004 | 1o [1-0o0 |
s8] —.008 80dl —loo8 ‘764 . —-006 | 1807 012 | 1878 012 | 1880 |08
= I o o : . 2000 | 1608 1008 | 1880 i:ooe 1801 (}.o22
sl —lou 2| —oo “780 024 | 1818 |—.007 | 1859 | .000 | 1879 | 015 | 1881 [1.008 | 1802 (.02
874 -0l -839 2020 2795 ~011 | 1849 [ 014 | 1860 (—.008 | 1871 (—007 | 1883 |—.005 | 1898 |+-003 |..
+
.86 S022 1| oo 1802 -018 | 1830 [—004 | 1861 |— 015 | 1872 | 017 | 1883 | 000 | 1894 | 008 |.
us 002 = o 8] 004 | 1851 —.018 | 1888 |09 | 1673 |—.001 | 1884 |+-.015 | 1805 |-+ 007
‘a8 -010 6| .o ~808 ~03t
i -1 | e X T08| The variations differ somewhat for the three different sta-
- - - B ‘7| T.0e|tions, the curve for Calcutta being less distinct and less regu-
8| —oof A1) —o 178 5008 lar than those for Madras and Bombay. It may be men-
*835 oo ‘808 o0t T 1:%% | tioned here that for each of the three stations the pressure
% W v e | % g 3% | variations were also determined corresponding with the exact
.848 ioxl)g &0/ —.02 8 1% number of the sun spots for each year, using both the maxi-
= = ‘818 fglm 1790 i;m mum and the minimum years as the bases, but it was found
s 0@ 20l = - T:%|in the end that the most regular and symmetrical returns
.841 T2 812 000 T -0 | were obtained from the simple 11-year cycle.
ot T o Lou 1800 $Zom Table III gives the pressure variations for the 1l-year
- B - -39 T38| periods for the three stations combined, and, by changing the
8| .01 b 080 18 +.001 | signs of the variations, as is shown in the last column of the
*887 Z.006 i -002 ‘778 —.008 | table, these departures become changed into the corrections
x| Los g1 B - g 1-0o| which it is necessary to apply to each year of the different
-840 — 08 818 +.008 - +:010| geries in order to eliminate the sun-spot effect from the curve
817 i:om 1819 :tioov 789 +.005 | of pressure.
.81 ,008 .19 .007 m —.013 Tasre TII
Mean. ceces o0 29,848 [c0eerennnnen 20,812 {..... R0.784 |.oeennn cenen | ]
Mean variation of 3 g
. . . SSUure. B

In order to ascertain what portion of each of these varia- pre - g i
tions was attributable to the variations in the number of the Serles of years. 8 B £ o &
solar spots the following table was constructed, giving the & -§ g g §
annual variations in 11-year series for Madras, Calcutta, and 5 & 8 g S
Bombay, respectively. -

P . . Inch. Inch. Inch. Inch. | Inch.
TasLE I1.—Annval variations arranged in 11-year series. 1841526348508 ... eersruvinneecanee L0013 | —.0018 | —. 0018 | +.003
MADRAS 86 ... . 0032 . —.0010 L0020 | —.002
- 0002 | 40007 1 floooo [ — 001
: ‘o123 [ Loose | —.o16
. : . . . . | & im 0050 | —.008
g 8 g g 2 g | 84 Ton | o | =
s |3 lg|3 g8 g3 s|3|5)|2]6° e Com | 1o
] - -] 8 ] = :- _: .
SRl e R8s |s|g |88 |5 o0 | oo | o008
Inch. Inch. Inch. Inch. Inch. Inch.{ Inch.
I ZZ% oot 008 }ﬁ 08 }gﬁ 4 bl <008 It:%% Table IV gives the actual annual pressure for each year
1843 14008 [ 1654 |--001 | 2688 i% 19 [0 | 1958 -0 I-g‘l’}g for the three stations combined, and also the annual pressure
1865 1::010- 1856 006 | 1867 \--013 | 1878 i-gtl)i 18 |08 0080 when the corrections for the solar-spot cycle, as given in
1687 [:000 | 1898 (1005 | 1860 [T-010 | 1am0 [—:04 | 1880 008 [.oomaleonns: T-00% | the last column of Table III, have been applied.




534

——

MONTHLY WEATHER REVIEW.

DECEMBER, 1897

e nm ——

— M— —— —— —

TasLe IV.—Mean pressure of the thres stations, Madras, Bombay, and
Caleutta, and, also, as corrected for the 11-year cycle.

8 2 g g g g
2 Bd 2 B 2 &g
n @Y w o D n m o
; 2 £% 2 RS £ £5
Year. B E g Year. a B E Year. B B E,
[l g d g s
Q 4]
|z L g | 3¢
= = = = = =
Inches. | Inches Inches.| Inches. | Inches.| Inches.
R . 29.801 | 20,809 .802 | 29.801
. S8 | .806 .816 .814
708 706 819 8%
ST | LT .805 .813
834 ¢ .82 . 809 818
818 (  .802 .83%0 .832
88| .82 812 +810
831 .830 811 .810
795 [ .801 .814 .809
.806 | 814 800 .808
.803 | .812 .828 828
.809 | .812 704 .800
812 814 .816 824
8061 .804 .805 814
.800 | .808 .818 .821
854 .838 .814 .816
817 812

*Means of Madras only. tMeans of Madras and Bombay onls-'.

Since the annual mean pressure of the whole series is (see
Table I) for—
Madras, 29.843 (a);
Bombay, 29.812 (b);
Calcutta, 29.784 (¢);

e tb+C_ 99813 (d);

3
therefore, (a) alone is 0.030" higher than (d) and ﬁ%-—l? 180.015"

higher than (d).

Thus, the Madras means for each year 1841 to 1845 require
a correction of —0.030" to reduce each to the equivalent mean
of the three stations, and the combined means of Madras and
Bombay for each of the years 1846 to 1852 require a correction
of —0.015”. These corrections have been combined with the
sun-spot correction in obtaining the third column of Table IV,
and the following diagram shows these figures graphically:

T 2 § 8 5 § HEEENEEE

~

and since

Fi1g. 1.—Indian pressure curve, corrected for sun-spot variation as
derived from 1l-year period.

The curve, thus corrected, shows a complicated course, and
is obviously composed of numerous small oscillations. At
this stage of the investigation it was suggested to me by Mr.
Eliot that it would be interesting to treat the Mauritius
pressure curve in the same manner. Therefore, the annual
pressures for Mauritius were corrected for the 1l-year cycle,
and the results obtained are shown graphically in the accom-
panying diagram:

| 2 ¢ ¥ 8 3 R R B 8 B R B
”
20 90 A N N
,:z 4‘—
|129.87
25

Fig. 2.—Mauritius pressure curve, corrected for sun-spot variation as
derived from 11-year period.

For the period 1853 to 1870 there is no information as to
the data from which the means for Mauritius were derived,

but from 1871 onward the hours of observation are given, |sm

and it is thus possible to obtain correct values of barometric
pressure. It is obvious that the figures of the earlier years
of the series are not comparable with those after 1870, but
the latter were sufficient to show that there existed a 9-year
period in the pressure variations at Mauritius, and this gave
a clew to what appears to be a similar manifestation in the
records of mean pressure over India; the course of the Indian
pressure curve is, however, generally the reverse of that pre-
vailing at Mauritius. A careful inspection of the Indian
curve shows that the crests of the 9-year cycle occur in the
years 1841, 1850, 1859, 1868, 1877, 1886, and 1895, and starting
with these years the following table has been constructed.

TasLE V.—Indian pressures arranged in 9-year cycles.

1 18] |8 || | 8] |§] | § | wom

- -3 -~ - - - -~ I

gl 2|l |l @l |sld(ulsla 2
= b a g

S1 5|81 5|85 (8|5 (8|5 |8 5 |8|%|%8]|¢%s
Ml M| P M| || k| (kB (> 5588
Inch. Inch. Inch. Inch. Inch. | Inck.
1841 1850|-+. 008|1850{-. 011[1888/-+-. 017[1877|-+-. 025(1886, 008 —.008
1842 |—, 009]1851|—. 009{1860]| —. 004/1869|—. 006[1878|—. 001/ 1887 —.004] 1-.004
1843{--.002/1832| .000[1861|—. 008]1870|—. 012(1879|—. 012/1888 .| —.008! +.006
1844 1853)—, 004(1862—. 0171871/, 001{1880/-. 0011889 —. 004 .| —00%! +.007
1845 |- 0051854| —. 004[1863{—. 016/1872—. 001(1881 |-, 012/1890 .| —.002} -I-.002
1848 |-1-, 004|1855|—. 004{1864]--. 0190|1873 —. 001 |1 .000{1891 .| 4008 —.005
1847 |—. 014/1856] —. 007/1865(-, 012{1874]-1-. 001{1883(|-. 005/1892 —.008! +.008
1848 |—. 002]1857|—. 004|1866(—. 011]1875|—. 008}1884(-}-. 017| 1893 .000{ ' .000
1849 |, 011/1858]-}-. 002(1867|-. 010]1876]—. 005{1885({-. 010]1894 +.003) ~.008

The mean values in the last column of Table V show
a maximum pressure variation in the 1841 gseries, or the
first year of the 9-year cycle; a fall to a minimum in the
fourth year of the cycle; then a rise to the sixth year, when
marked irregularity occurs; a fall in the seventh year; and,
finally, a rise again to the maximum in the first year. Re-
versing the signs of the variations a correction is obtained
which, applied to the different years, removes this cycle from
the pressure records. The following table, VI, shows (1)
the erude barometric annual averages for the three stations
combined and the variation of each annual average from the
normal; (2) the mean annual pressure of the three stations
combined after being corrected for the influence of the 11-year
cycle; (3) the variation of each year from the new normal;
(4) the mean annual pressure of the three stations combined
after being corrected both for the 11-year and for the 9-year
cycles; (b5) the variation of each year from the last normal.

TaBLE VI.—TIndian pressures corrected for cyclical variations.

Means Mem}’sed
correc
Year. gg&g:_ Variation. f‘grr]'f_‘;teeglr Variation. fo; ;le ::_ld Variation.
eycle. cycles.
Inches. Inch. Inches- Inch. Inches. Inch.

29. 805 —.007 . 807 —.008 29.799 —.014
—. 006 804 -—.009 . —.005
+.004 B5| o ‘821 ~008
—.003 .793 —.020 800 —.018
+-.011 .818 +-.005 820 -+.008
~-.006 817 -+.004 812 —. 001
—.011 799 —.014 - 802 —.01
—.007 .811 —. 002 811 —.002
—. 018 .802 —.009 709 —.014
—. 005 .816 -+.003 -808 —.005
—.01 .804 —.009 .808 —.005
—. 001 .813 000 .819 -+-.006
—. 001 809 —.004 .818 +.003
—.002 .809 —.004 811 —.002
Foo13 w0 | lond 1804 —.000
—. 001 .508 —.007 .809 —.004
—. 002 809 —. 004 .809 —.004
+.005 816 —+.002 812 —.001

.006 824 -+.009 .818 +.008
—.01 809 —.004 .813 -000
—.016 805 —. 008 811 —.002
—.019 708 —.017 .803 —.010
—.017 97 —.016 .709 —. 014

022 852 .019 827 014
Tou 85 J012 ‘628 ~ol5

. 006 .802 —.011 802 —011

.016 .823 +.010 820 i.m

. 019 .80 -+-.017 822 . 009
—. 003 807 —. 006 .811 —.002
—.017 .801 —.01% 807 —.008
—. 008 .814 +.001 .82 i-m
—. 009 .812 —.001 814 001
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TasLe VI.—Indian pressures corrected for eyclical variations—Continued.

Means Meax;s a

correcte
Year. Crude | yarigtion.| €OrTected | yariation. | for 11 and | Variation.

means. for 11-year 9 year

cycle. eycles.

Inches Inch. Inches. Inch. Inches. Inck.

29,809 —. 003 29.812 —. 001 . 80% —. 006
.812 000 .814 -, 001 817 . 004
.808 —.008 804 —.009 L84 —.009
.809 —.003 .808 —. 005 .805 —.008
854 -+.042 .838 =+.025 .830 +.017
817 ~+.005 -812 —. 001 .818 +.003
802 -—.010 .801 —.012 807 —. 006
-816 :|:004 .814 —+.001 831 -4-.008
.819 . 007 .825 -+-.012 8 -+.014
.8056 —. 007 .813 .000 .808 —.005
.809 —.003 .818 -+.005 .821 +.008
827 i.015 .830 -+ M7 .830 ~+.017
.830 .018 832 +.019 .820 +-.016
812 .000 .810 —.003 .802 —,011
.811 —.001 810 -, 003 814 . 001
8% :t 013 .809 ~—. 004 815 —+. 002
814 . 002 809 —.004 816 -+.003
809 —. 003 .808 —. 005 .810 —.003
.828 +.016 .82 +.013 821 +. 00R
T —. 018 800 —.013 -803 —.010
K16 -+.004 .8 ~+-.011 8 +-.011
.805 —. 007 .814 —+.001 811 —.002
.818 +.006 .82 —+. 008 .813 000
-814 -+, 002 .818 =+.003 .80 =007
20.812 feiiiiinannnn 29.818 |..oeeiiannns 20.813 |..ovivinnien

Table VI ghows that in India the extreme amplitude of the
pressure oscillation in the case of the crude means is 0.061,
in the case of the means corrected for the 11-year cycle 0.045,
and in the case of the means corrected for both eycles 0.031.
This diminution in the amplitude of the oscillation with each
successive correction, though not a proof of the correctness of
these two cycles, is yet a substantial addition to the arguments
in their favor. The concluding column of variations exhihits
a marked excess of pressure in 1864 and 1865, and again in
1884 and 1885, but there is no similar excess shown in 1844
and 1845, so that as far as can be judged at present the varia-
tion is not one which can be anticipated each twenty years,
but would appear on each occasion to have been due to local
causes, a8, for example, heavy snowfall in the Himalayas, etc.
Beyond this single coincidence the variations give no indica-
tion of the march of any other cycle of change. The depar-
tures are small; they exhibit rapid changes of sign, and the
only point about them worthy of note appears to he the gen-
eral tendency to excess during the past thirty years, and a
general tendency to deficiency in the first twenty years. In
addition there 1s an instance of decided excess in the year
1877, but this excess, though, as a matter of fact, accom-
panied with very large meteorological variations in India, also
appears to have heen an isolated occurrence, probably also
attributable to local causes. The year 1877 was a year of
maximum positive variation in the 9-year cycle, and the nor-
mal excess of pressure was intensified by independent causes.

The investigation, so far as it has proceeded up to this
point, shows that the series of combined pressure observa-
tions of the three stations, Bombhay, Madras, and Calcutta,
exhibits two cycles of change, viz, a cycle of eleven years
(perhaps agreeing with the changes in the number of spots
on the solar surface), and a variation agreeing with a 9-year
period. These two sets of variations are shown in Table VIL

TaBLE VII.— Cycles of departures from normal barometric pressicre.

11-year cycle. 9-year cycle.
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Finally it has been shown that when the above variations
have been applied as corrections to the annual pressure val-
ues the amplitude of the pressure oscillation is very mate-
rially diminished, and that the residual variations exhibit no
further sign of cyclical change during the period under dis-
cussion.

The next step in the investigation is to attempt to connect
these periodic changes in pressure with the records of weather
in India. In the Famine Commission Report, on page 34,
there is given a tahle showing the rainfall at Madras for the
years 1800 to 1878, and to this I have added the annual rain-
fall for the subsequent years up to 1896. The objections to
the employment of the records of a single station for the
purpose of showing the connection between pressure and rain-
fall are sufficiently ohvious to every one. The following re-
marks by the late Mr. Pogson, C. I. E., government astron-
omer at Madras, may, however, he quoted to illustrate the
difficulties which must he faced. The year 1877 over India
generally was one of disastrously deficient rainfall, yet in
Madras “in 1877 a purely cyclonic rainfall in May added 21
inches abnormally to the annual amount, and a similar quan-
tity in November was also chiefly cyclonic. Deducting these
amounts the register for the year would have been 24 instead
of 66 inches.” With this caution the process of connecting
the march of the two elements will now be proceeded with.
Table VIII gives the table of rainfall mentioned above. The
first, fourth, and seventh columns give the years; the second,
fifth, and eighth, Wolfl’s relative number of sun spots; and the
third, sixth, and ninth, the annual rainfall at the Madras oh-
servatory. Attached to each figure giving the rainfall is a
number (1 to 9) which shows the position of the year in the
9-year cycle.

TABLE VIII.— Wolf's relatice numbers for sun-gpot frequency and the an-
nual rainfall in inches and tenths at Madras Observatory.

: :
Sl Gl -t
.| 8B = €8 | o 28| =
Year. | &% & Year. | a8 & Year. | 88 3
o) & e a -] g
5T = 23 3 ET ]
@ Pﬂ @ & @ =
15.3 ? (5) 8.5 | 37.1 16.3 51.4 (8)
84.0 ? (6) 13.2 | 89.0 7.3 24,4 (9)
55.0 ¥ (D) 56.9 | 41.5 8.8 [ 414 (1)
71.2 | 66.1 (8) 121.8 | 44.8 ( 73.9 82.3 (2)
3.1 3L.1(9) 138.2 | 49.3 189.1 74.1 (8)
47.6 | 3L.2 (1) 108.1 | 52.3 111.2 56.4 (4)
2.9 6L.5 (D 85.8 | 53.1 101.7 1 3.7 (5)
0.4 14.3 (3 63.2 | 58.7 .| 66.3 51.8 (6)
7.7 ?(4) 35.8 | 58.8 4.6 629(7)
2.5 ? (5 2.2 86.5 17.1 87.1 (8)
1810, 0.0 ? (6) 10.7 | 50.3 1.3 21.6 (9)
1811....... 1.4 39.7 (M) 15.0 | 65.4 12.3 €5.2 §1)
1812 5.5 ? (B 40.1| 88.1 3.4 28.7(®)
3 12.8 | 45.1 (9) 61.5| 79.8 6.0 51.3 (3)
14.4| 32.4 (1 98.4 | 81.0 32.3| 61.8(4)
35.4 | 56.0 (2) 124,83 | 54.8 51.2 44.0 (5)
46.4 | 41.2 (3) 95.9 ( 30.8 59.3 50.2 (6)
41.5 [ 63.8 (4) 66.5  36.9 62.8. 60.5 (V)
30.0 [ 6.8 (5) 64.5 | 64.8 63.3 | 78.9 (8)
24.2 ( 36.8 (8) 54.2 [ 7T2.7 50.8 | 47.9(9
15.0 | 70.0 (%) 89.0 | 85.8 2.7 41.8 (1)
6.1| 47.1(8) 2.6 | 48.2 13.1 70.2 (2)
4.0 59.6 ‘9) 6.7 | 82.3 6.7 02.5(3)
1.8 26.8 (1) 4.8 47.0 5.8 43.4 (4)
8.6 | 33.7 (2) 2.8 53.0 7.1 28.0 (B)
15.6 | 56.1 (3) 54.8 | 48.5 85.6 | 30.4 (6)
806.0 | 60.7 (4) 93.8 | 55.1 73.8 ] 42.0 (7
49.4 | 88.4 (5) 95,71 2.6 ? 44.0 (8;
62.6{ 37.9 (6) 7.2 8.2 ? 47.8 (9)
678 | 36.9 (7) 50.1 | 38.2 » 47.4 (1)
70.7 | 82.4 (8) 41,0 | 54.6 ? 68.7 (2)
47.8 | 44.4 (D) 46.9 | 47.2
2.5 [ 18:5 (1) 30.5 | 41.8

Taking first the 11-year cycle, the above table shows a gen-
eral direct agreement between the number of solar spots and
the amount of rainfall at Madras. In order to obtain values
which can be compared directly with the pressure values of
the 11l-year cycle given in Table III, the annual rainfall
values for each eleven years, beginning with 1808, have been
combined, as shown in Table IX.



536 MONTHLY WEATHER REVIEW. DECEMBER, 1897
- ——
Tasre IX.—Annual rainfall at Madras, arranged in 11-year cycles. TasLe XI.
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From T:a,b]es IIT and IX the following mean results have Inches Inche Inched Inches Inches\ Inches| Inches
been obtained for Madras : 1859...| 55.1 | 1868..| 41.4 | 1877.. 66.2 | 1886..| 47.8 | 1895..| 47.4 | 42.0 = —6.8
1860...| 27.6 | 1860..| 82.8 | 1878..[ 28.7 | 1887..| 70.2 | 1808.. 7.0 —1.8
1861...| 87.2]16870..| 74.1|1879..| 54.8 62.5 |.. 50.2 1.4
Tasre X 1862...| 38.2 | 1871..| 56.4 | 1880..| 61.8 434 | 51.9 .1
A 1863...| 54.6 | 1872..| 78.7 | 1881.. 4.0 2.0 |. 54.6 5.8
1864...| 4.2 | 1878..( 51.8 | 1882..| 50,2 80.4 46.1| -2
1865...| 41.6 | 1874..) 62.9 | 1883..] 60.5 42.0 ... . 58.4| -44.6
Calendar years. Varlations. 1866...| 51.4 | 1875..] 87.1 | 1884..) 78.9 4.0 |... cearane 50.2 +1.4
1867...| 24.4 1878 | 21.6 | 1885..] 47.9 s 48| —5.0
Cycle year.
Madras Indian
rainfall. pressure. Rainfall. | Pressure. . .
From Tables V and XI the following results are obtained:
Inches. Inch. .
1808-96 1841-96 + 5.4 —.0015 TasLE XII1.
1800-86 1842 88 — 33 -0020
1810-87 1843-87 —7.0 -0009
}g}é‘g }SMIH ot i‘lgg :00015905 Calendar years. Variations.
813-90 1846-90 - 1.7 0007
1814-91 1847-91 — 0.4 .0023 Madras Indian Cycle year.
m}m }849—98 % ?:é ::0078[ 084 rainfall. | pressare. Rainfall. | Pressure.
1817-94 1850-94 e 2.5 —. 0084
1818-95 181-85 | Eleventh... 7.8 —.0027
Inches. Inch.
1805-05 184195 | First ....... —8.8 +.008
1806-96 1842-96 Second —1.8 —.004
. . . 1807-88 1848 88 hird Ié" —.008
This is not a very close agreement, but, as will be seen from 1808 89 18448 | Fourth 1 —o0
the following diagram, Fig. 3, there does exist & rough agree- 151051 isis 01 E"‘“‘} i%:-‘,; Ij%
= = aven! » —_
ment between the variations of pressure and the variations by 1 Bovent :tl. M it
of rainfall : 1818-04 1849-9¢ | Ninth......] —5.0 +-.003
Year | 1 23 |l4l5{6] 7189 |01 |Year This table gives the following diagram:
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ot Pressure Ramfall The above curves show that in the barometric pressure over

Fig. 8.—~Indian pressure and Madras rainfall, 11-year cycle.

Turning next to the 9-year cycle, and treating the Madras
rainfall in the same manner, only dividing it into 9-year
inst.ea,ddof 11l-year periods, the following, Table XI, is con-
structed :

India and in the rainfall at Madras there exists an 11-year
cycle presumably agreeing with the relative frequency of solar
spots, and in addition a 9-year cycle in which the agreement
between pressure and rainfall is even more marked and more
distinet than in the case of the 11-year cycle.

For the reasons stated above the rainfall discussion has

been hitherto confined to the records of Madras observatory,
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the rainfall records of the whole of India being available for
only a relatively short period. From 1864 onward, however,
rainfall returns are ohtainable for the whole country, and
these returns have been utilized to construct Table XIII.

TaBLE XII1.— Variations of rainfall for all India arranged in 11-year

cycles.
N . . L)
g g g 5
= - = b
- . » [~
EAEAEREEE i
3] > P > b > =
Inches. Inches. Inches. Inches.
......... 1874 :t 4.6 1885 1.1 + 0.3
— 5.5 1875 2.4 1888 3.0 0.0
— 0.8 1876 — 4.5 1887 2.6 — 0.9
I A Tl
—6.6| 1879 :t 17| 1800 i 0.7 [ 1.4
04| 1880| —1.6] 1891]| —3.5]. — 1.6
1.5 1881 :t 0.1 1802 :t 5.1 . 2.2
0.9 1882 2.6 1893 9.11. 4.2
2.3 1883 — 0.1 1894 + 6.5 |. 2.9
— 4.5 1884 + 1.7 1895 — 2.9 —-— 1.9

The 11-year cycle of Indian pressure (Table III or VII)and
of rainfall for all India (Table XIII) are shown in Fig. 5.
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Fia. 5.—Indian pressure and rainfall for all India, 11-year cycle.

The amplitude of the rainfall oscillation for the whole of
India is only one-third of that for Madras, but the shape of
the curve is the same, and the general agreement between the
rainfall and pressure variations is unmistakable.

Dealing next with the same figures, but distributing them
over a 9-year cycle, there results Table XIV, as follows:

TasLE XIV.—Variations of rainfall for all India arranged in 9-year

cycles,
_g
g g g g g | %4
s | & c | & w | 8 s | & g | B | g2
3 3 3 @ 3 ] 3 ] 3 |8
Pl b 12 > 2] > Pl > b B =
Inches. Inches. Inches. Inches. Inches.| Inche
1868 | —6.8 187 | —4.8 1886 | 43.0 1805 | —2.9| —2.7
1860 | +0.4 1878 | 16.3 1887 | 2.6 1896 | —4.8( 1.1
1870 | +1.5 1879 | +1.7 1888 | —1.5 |cvevenec]avennnan -+0.6
1871 409! 18%0 | —1.6 1880 [ 2.5 +0.6
1872 | 42.8( 1881 0.1 1800 | 0.7 (. +1.0
1878 | —4.5 1882 | 2.6 1801 | —-3.5]. —2.7
1874 | 44.6 183 —0.1 1892 | 5.1 (. +2.2
1875 | 2.4 1884 | 1.7 1803 | +90.1 . 12.8
1876 | —4.5 1885 | 1.1 1894 | +86.5 +1.5
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whence, with Tahle V or VII, the accompanying curves of
Fig. 6 are obtained:
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Fie. 6.—Indian pressure and rainfall for all India, 9-year cycle.

It would appear, then, from this investigation, that there
are two cycles, both traceable in pressure and rainfall, affect-
ing the weather over the Indian region, the one running
through a period of eleven years and the other through a
period of nine years. Both appear to be more distinectly
traceable in the records of southern India (Madras) than in
the records of the whole of India. That these two cycles of
change will not account for all the variations of rainfall is
sufficiently apparent from the records of the years 1877, 1881,
1887, 1890, 1892, and 1898 in the case of Madras, and 1876,
1883, 1886, 1887, and 1896 in the case of India, as a whole,
but they may assist in explaining the numerous variations
which are on record, and may afford help in determining the
general characteristics of future seasons.

In order to test the practical utility of the system the
cyclical variations of rainfall for Madras and for India, for
each year from 1864 to 1896, were calculated according to
this method, and in the following table are given side by side
with the actual variations observed in these years.

TaBLE XV.—Cyclical variations of annual rainfall.

Madras. Whole of India.

Year. B . 8 . g.a 'g'g E" . B . g.,; E-g
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(&% 3R 88| R° ) 27 | 5B 82
= & 3 < A & B <

Inches.| Inches.| Inches.| Inches.| Inches.| Inches.| Inches. | Inch
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1.8|—2%7|—15 0.2 i4.2 — 2.7 1.5 2.6
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That the method of the two cyeles would have given ap-
proximately correct rainfall variations in the majority of
years is obvious, and that the calculated variations (more
particularly in the case of Madras alone) should he smaller
than the actual variations is not sarprising, but the actual
and calculated values in some years are so very divergent
that it must be reluctantly conceded that it is impossible by
this method “to determine heforehand with any certainty
the probable amount of rain in any season, such as would
admit of timely precautions being taken against impending
drought.”

[Nore.—In publishing this important paper hy Mr. Dallas prompt.l{;,
without incurring the great delay that would he necessitated by sub-
mitting the proof sheets to him, several matters have been noticed by
the Editor which, although unimportant to the general trend of the
argument, may possibly be worth repeating as helpful to the reader.

The word “‘variations” is used by Mr. Dallas always in fhe same
sense as the word ‘departures’’ is used by other writers, viz, the ob-
served value minus the computed value, so that a plus variation is also
a plus departure.

The adoption of aregular 11-year cycle, instead of the somewhat irrega-
lar sun-spot numbers, which are given in Table VIII (inasmuch as the
11-year and the sun-spot cycles depart widely from each other), seems
to show that the 11-year period has no direct connection with the sun
spots, and it should, therefore, not be spoken of as a sun-spot period,
but simply an 11-year cycle.

The pressures given in Table I for three different series of years
should, strictly speaking, be reduced to a common system hy adopting
the vears 1853-1896 as the basis. The mean pressures for these forty-
four years are: Madras, 29.844; Bombay. 29.813: Calcutta, 29.784; the
mean of all three is 29.814. Adopting this latter figure ag the base, we
reduce each of the three stations to a common standard by applying
the corrections, —0.030, + 0.001, 4 0.030, Fortunately these corrections
%r_e the same as those used by the author in preparing Table IV and

ig. 1. .

With regard to the annual pressures for Mauritius, Mr. Dallas states
that they were corrected for the 11-year cycle in order to gbtain the
curve of Fig. 2. We infer that the corrections were specially com-
puted by him from the Mauritius observations, and that he does not
mean to say that he corrected the latter by using the means for India
given in Table III.

No reason is given for omitting from Tables IX and XI the earliest
years, as given in Table VIII.

In Tables X and XIT the author has compared together the Madras
rainfall and the Indian pressure, but for quite different groups of years.
If the comparison had been for a uniform sysiem of stations and of
years, the results might have been more harmonious. It is difficult to
separate the influence of this discrepancy as to locality and time from
the influence of the general want of physical connection between the
rainfall and the pressure.

In Tables XIIT, XIV, and XV the figures given in the manuscript
for the variations of rainfall for all India show some slight discrep-
ancies, viz: XIIT, 1886, 4-8.0; 1887, 1-2.4; 1889, -}-2.5; XIV, 1886, 4-3.2;
1887, 1 2.4; 1889, -+-2.4; XV, 1886, 35.2; 1887, -2.6; 1889, 4-2.4. These
discrepancies the Editor has removed, so that the three tables may be
harmonious.

With regard to the variations of rainfall at Madras, as given in Tahle
XYV, the reader will notice that the figures of column 5 may he repro-
duced by assuming the normal for Madras at 50.0 inches and computin
from this the departures of the individual years given in Table VIII.
Two small discrepancies will be found, viz, the variation for 1878 should
be —21.3, and for 1890, —22.0, instead of — 22,3 and —22.2, respectively,
as published in Tabhle XV.—Ep.]
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servaciones meteorologicas y magneticas afio, 1865. Fol. P. 155.
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U. 8. Coast and Geodetic Survey, showing the progress of the work
dnring the fiscal year ending with June, 1896. 4to. P. XXIII,
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MEXICAN CLIMATOLOGICAL DATA.

Through the kind cooperation of Sefior Mariano Bércena, Di-
rector, and Sefior José Zendejas, vice-director, of the Central
Meteorologico-Magnetic Observatory, the monthly summaries
of Mexican data are how communicated in manuscript, in ad-



